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A translation plane of order 11* is constructed. Its translation complement is a 
solvable group of order 1200 and has 9 orbits on the line at infinity. These orbits 
have lengths 30, 20, 20, 12, 10, 10, 10, 5, 5, respectively. 
1, INTRODUCTION 
Let q be a power of an odd prime and denote by a a regular spread of 
PG(3, q), Suppose that G admits a set 2 of reguli with the following 
properties: 
(i) 9 consists of (q + 3)/2 reguli of ~2, say R,, Rz,,.., Rc,+,,,,; 
(ii) any two reguli of 9 meet in exactly two lines; 
(iii) no three reguli of 9 have a line in common. 
Denote by U the partial regular spread formed by all the lines belonging 
to the reguli of 9. In [3] Bruen proves that if there exists a partial spread V 
such that U and V cover the same points and have no lines in common, then 
V contains (q + 1)/2 lines of the opposite regulus of each R,, 1 < u < 
(q + 3112, such that the union of these half-reguli is K Let F = (G - U) U Y 
be the spread obtained by replacing U by V in 0. In the same paper Bruen 
also states that the translation plane of order q2 corresponding to the spread 
r is not an Andre plane when q > 5 and it is not a subregular plane when 
q > 7. Examples of spreads of this kind have been constructed for q = 3,5, 7 
in 131, and for q = 11 in 181. 
In this paper we construct a new example for the case q = 11. According 
to the notation of 13, Sect. 61, our example can be described as follows (see 
also Section 3): let 
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GF(11) = {0, 1,2, 3,4, 5, -I, -2, -3, -4, -S}, 
GF(112)={ai+bja,bEGF(11),i2+1=0}, 
N(a)={ai+bEGF(11*)/a*+b*=a}, 0 E GF(11). 
In particular, N( 1) is a subgroup of the multiplicative group of GF( 11’) and 
we have 
N(1) = { 1, -1, i, -i, 3i + 5, 3i - 5,5i + 3,5i - 3, 
-5i + 3, -5i - 3, -3i + 5, -3i - 5). 
We take LJ as the regular spread consisting of the line (( 1, 0, 0, 0), 
(0, l,O, 0)) together with the lines ((a, b, LO), (b, -a, 0, l)), where 
a, b E GF( 11). By abuse of notation we denote (( 1, 0, 0, 0), (0, 1, 0,O)) by 
03 and ((a, b, 1, 0), (b, -a, 0, 1)) by ui + b and we take 9 as the set of the 
following reguli: 
R, = (-2 + N(-5)}, R, = {S + N(-l)}, R, = (3 t N(-3)}, 
R, = { 1 +N(-4)), R, = {4 + N(2)}, 
R,={A(i-3)j/ZEGF’(ll)}U{co}, R,={~(i+3)~~EGF’(ll)}U{oo}, 
where 
N(-1)=(3i+ l)N(l), N(2)=(-2i+3)N(l), N(-3)=(4i+5)N(l), 
N(-4) = (5i - 2) N(l), N(-5) = (i + 4) N( 1). 
The spread V consists of the lines belonging to the half-reguli shown in 
Table I. Note that PRL is contained in the opposite regulus RL of R,. 
The translation plane n(r) corresponding to our spread r = (Lr - U) U V 
appears to be new. We show that the collineation group of ZZ(r) is solvable; 
moreover, the permutation group induced by it on the line at infinity is the 
direct product of two dihedral groups of orders 10 and 12 and it has 2 orbits 
of length 5, 2 of length 20, 3 of length 10, and finally 2 orbits of length 12 
and 30, respectively. In a paper in preparation we prove that the plane n(r) 
is derivable and we exhibit a class of translation planes obtained from it by 
derivation. 
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tR; = ((L5, l,O), (2, ho, I)), ((4, -39 1, O), C-1,4,0, 1)X 
((5,4, 1, 01, (3,5,0, 1)X (t-5,3, 19 01, (4, -5,o, 1)X 
(C-4, -1, 1, O), C-3, -4,o, 1)h ((-L2, l>O), (5, -I,& 1))L 
tR; = {((I, 2, LO), t-3, LO, 1)X ((394, LO), i-5,3,0, I))> 
((4, 1, ho), (-z4,0, I)), (C-4, -2, LO), (1, -4,o, 1)X 
(C-3, -5, l,O), (4, -3,Q 1)X ((-1, -3, 401, (2, -l,O, l))}, 
tR; = (((2, 1, LO), (5,Z 0, 1)X ((4, -2, 1, O), C-3,4,0, I)), 
((5, -1, LO), (-4,5,0, 1)X (C-5, -4, l,O), (-1, -5,o, 1)X 
(C-4, -3, 1, O), t-2, -4,o, 1)X ((F&5, LO), (1, -2,@ 1))1, 
fR; = (((2, -5, l,O), (-4,&O, 1)X ((3, -77 1, 01, (4, 3,0, l)), 
((5,3, LO), (6L5,0,1)), ((-5, -1, 1, 01, (3, -5,o, 1)X 
(C-3,4, LO), (-2, -3,o, 1)X ((-2, -4, 1, 01, (-5, -2,o, l))), 
tR; = (((L3, LO), (5, l,O, l)), ((2, -4, LO), (L&O, I)), 
((3, -5, 1, O), c&3,0, l)), (t-3,2> LO), (-5, -3,o, 1)X 
(C-2, 1, 1, 01, (-4, -2,o, I)), (C-1,5, LO), (3, -1, 0, l))), 
4% = (((1, -39% 01, (0, 0, 1,. O)), ((1,4,0,0), (0, 0, 0, I))> 
((1, -4>o, 01, (0, 0,2, 1)X ((1,3,0,0), (0, 0,5, I)), 
((1, 12 09 01, (O,O, -5, 1)X ((1, -13 0, O), (O,O, -2, I))}, 
tR; = {(CL -5,&O), (O,O, 1, 111, (CL59 0, 01, (RR 3, I)), 
((LO, 0, O), (0, Q4, l)), ((1, 2, 03 01, (0, 0, -4, 1)X 
((0, 1, 0, Oh (O,O, -3, 1)X ((1, -2, 0, O), (O,O, -1, 1))l. 
2. SOME BASIC RESULTS 
Let s be a nonsquare element of K = GF(q) and put K’ = GF(q*) = 
{ai + b 1 a, b E K, iz = s}. For each element ai + b of K’ define, as usual, the 
norm n(ai + b) by putting n(ai + b) = +a* + b2 and for each cr E K let 
N(o) = {ui + b E K’ 1 n(ui + b) = o}. 
Let J5J zz PG(3, q) and h = ((1, 0, 0, 0), (0, 1, 0,O)). According to Bruck 
(see [2,3]), we have 
PROPOSITION 2.1. The set f2 = {((a, 6, 1, 0), (b, us, 0, 1)) / a, b E K} U 
{h } is a regular spread of .Z. 
PROPOSITION 2.2. The only reguli of Q not containing the line h are the 
sets 
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where c, d E K, u E K - {0}, while the only reguli of B containing h are the 
sets 
H((a, b); (c, d)) = {((a + AC, b + 14 1: 01, 
(b + Ad, (a + AC) s, 0, 1)) j A f K} U (h 1, 
where a, b, c, d E K, (c, d) # (0,O). 
PROPOSITION 2.3. The opposite regulus R’((c, d); a) (resp., H’((a, b); 
Cc, 4)) of WC, 4; 0) (resp., ff((a, b); (c, 4)) is given by 
R’((c, d); a) = {((a + c, d + bsCq-l)‘*, 1, 0), 
(b + d, cs + as(4f’)‘2, 0, l)} / ai + b EN(o){, 
H’((a,b);(c,d)) = {((l, A,O, 0), (0, (A’-s)(bc-ad), Ad-cs,--k+d))ILEK} 
U {((O, 1, 0, 01, (bc - 4 0, -4 c)) I. 
Now let Q be the elliptic quadric of Z’ 2: PG(3, q) having equation 
sx* - y2 + zt = 0. By a theorem of Bruck (see [2,3]) we have 
PROPOSITION 2.4. The mapping 
(. (03 0, 130) -+ ((LO, 0, O), (0, 1, o,o>> 
’ (a, b, -sa* + b*, I)+ ((a, b, 1, 0), (b, as, 0, 1)) 
is an incidence preserving isomorphism between the quadric Q, with its points 
and circles, and the regular spread L’I, with its lines and reguli. 
In particular, r maps the circles with equations 
sxz-yz+zt=o, 
ax+by+z+dt=O 
(where’ (a * - sb* + 4sd)/4s # 0) 
sx2 -y* + zt = 0, 
ax+y+dt=O, 
and 
sx*-y* +zt=o, 
x+dt=O, 
’ The condition (a’ -sb2 + 4sd)/4s #O means that the plane with equation 
ax + by + z + dr = 0 is not tangent to-Q. 
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onto the reguli R((a/2s, -b/2); o) (where u = -(a’ - fb2 + 4sd)/4s), 
H((O, -d); (1, -a)), and H((-d, 0); (0, l)), respectively. 
Now let J? be a set of reguli of C with the properties (i), (ii), and (iii). By 
Proposition 2.4, the mapping <- ’ sends 9 onto a set GY of circles of Q 
having the following properties: 
(iv) G? contains exactly (4 + 3)/2 circles; 
(v) any two circles of g have two distinct points in common; 
(vi> no three circles of %? have a point in common.* 
Conversely, making use of the mapping & every chain of Q dlefines a set of 
reguli 9 with the properties (i), (ii), and (iii). Thus 
THEOREM 2.5. There exists a one-to-one correspondence b#etween the sets 
of reguli contained in the regular spread J2 of Z, such that (i), (ii), and (iii) 
hold, and the chains of circles of the given elliptic quadric Q of .Z’. 
This theorem motivates the problem of finding chains of circles. At 
present very little is known about this problem in general. However, we 
know some examples of chains of circles in spaces of orders 3, 5, 7, 9, 11, 13 
(see [3-5, 71). 
Now let %Y be a chain of circles of Q and denote by 9 the corresponding 
set of reguli. Let W be the collineation group of Z: which maps $2 onto itself 
and permutes the reguli of .% and let C’ be the collineation group of Z’ 
which maps Q onto itself and permutes the circles of %Y. For any o E W, we 
define a mapping W: Q -+ Q as follows: 
m) = r- ‘(I), for every P E Q. 
By Proposition 2.4, 6 is an automorphism of the inverse plane M(Q) 
corresponding to Q. Then (see [5, p. 2701) there exists a unique collineation 
w’ of C’ which maps Q onto itself and acts on Q as 0. Since w  permutes the 
reguli of 2, also W permutes the circles of p. Thus w’ E G’. Hence 
THEOREM 2.6. The mapping <*: w  + CO’ is a homomorphism of W onto 
G’ and ker 5” is the full collineation group of Cfixing .f2 linewise. 
Next let I be the set of the points belonging to the circles of G? and denote 
by U the set of the lines belonging to the reguli of 9. We have 
LEMMA 2.7. If D is a circle of Q contained in I, then D E g’. 
* According to [4], a set Q with the properties (iv), (v), and (vi) will be called a chain of 
circles of Q. 
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The proof is easily established by using the fact that there exists a circle 
D’EGF such that iDnD’I>3. 
THEOREM 2.8. Let co be a collineation of C. Then LL) E W if and only if 
o maps G onto itself and leaves U invariant. 
Proof: Suppose that LC) maps Q onto itself and leaves U invariant. Let R 
be a regulus of 9; as o(R) c U = l(l), by Proposition 2.4 <-‘(o(R)) is a 
circle of Q contained in I. Then, by Lemma 2.7, <-‘(w(R)) is a circle of %? 
and thus o(R) is a regulus of 9. It follows that o E W. The converse is 
obvious. 
3. THE SPREAD r 
For the remainder of this paper we assume 4 = 11, s = -1. Then the 
quadric Q has equation x2 + y* - zt = 0. Consider the following points of Xc: 
‘4 l(O, -2, -2, 11, A,@ 54, 11, AdO, 3, 1, 11, UQ 1, 5, 11, 
A,(03 433, 11, A,(3, l,O, o>, A,(-3, l,O, 0). 
Let n, be (1 < u Q 7) the polar plane of A,, with respect to Q and denote 
by C, the conic Q n 17,. According to [5, Example F,], g = {C, ,..., C,) is a 
chain of circles of Q. The equations of the tonics C, are given in Table II. 
Set R, = ((C,); from Table II and Proposition 2.4, we infer 
R 1 = R((0, -2); -5), R, = RttO, 5); -I>, 
R, = Rt(O, 3); -3), R, =RtP, 1); -4), 
R, = Rt(O, 4); 2), R, = WtO, 0); (1, -3)), R, = ff((O, 0); (1, 3)). 
Moreover, by Theorem 2.5, 9 = {RI,..., R,} is a set of reguli with the 
properties (i), (ii), and (iii). Now put S = (3i - 5, 3i + 5, -1, -3i + 5, 
-3i - 5, I}. It is easy to verify that S is the subgroup of N(1) generated by 
3i - 5 and that the half-reguli given by Table I can be also presented as in 
Table III. 
TABLE II 
c, : x2+y2-zt=O C,: 
x*+y*-zt=O 
c, : 
x2 +y* - zt = 0 
C,: 
x* ty*-zt=O 
4y+z-2t=O y+z+4t=o 5y+ztt=O -2y+z+5t=o 
c, : 
x*+y*-zt=O 
c, : 
x*+yz-zt=O 
c,: 
x2+$ -zt=O 
3y+z+3t=O 3x+y=o -3x+y=o 
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;Rj= {(@-b-2, l,O),(b-2,a,O, l))lai+bE (i+4)Si, 
‘,R;= (((a,-b+5,1,0),(b+5,a,O,l))/ai+ bE(3i+ l)S\, 
4R; = {((a, -b + 3, l,O), (b + 3, a, 0, 1)) / ai + b E (4i + 5) S), 
fR; = {((a, -b + 1, 1, 0), (b + 1, a, 0, 1)) 1 ai + b E (5i - 2) S}, 
fR; = (((a, -b + 4, 1, O),(b + 4, a, 0, 1)) / ai + b E (-2i + 3) S], 
fR;={((l,A,O,O),(O,O,-3/t+ l,-d-3))/1=1,3,4,-4,-3,-l}, 
;R;=(((l,L,O,O),(0,0,3~+ l,-1+3))//1=0,2,5,--5,~2]U(((O, 1,0,0),(0,0,-3, l))}. 
Now let U be the partial spread consisting of all the lines belonging to 9 
and denote by V the union of the lines contained in the seven half-reguli $Rk. 
By some long calculations, it can be shown that U and V cover the same 
points and have no lines in common. Thus r = (0 - U) U V is an example 
of spread of the kind mentioned in Section 1. 
4. THE COLLINEATION GROUP G’ OF 2 WHICH MAPS Q 
ONTO ITSELF AND PERMUTES THE CIRCLES OF '2? 
First remark that G’ is the collineation group of 2’ which maps Q onto 
itself and leaves CPI = {A, ,..., A,} invariant. Now set cpl’ = (A ,,..., A,} and 
consider the point A( 1, 0, 0,O) and the plane I7 with equation x = 0. Pick 
w’ E G’. As 1 o’(0L’) n OT’ j > 3, it follows that ~‘(17) = 17. Thus o’(C) = C, 
where C = Q n Il. As A is the pole of Il with respect to Q, we have 
w’(A) = A. Therefore 
PROPOSITION 4.1. The collineation group G’ fixes A and leaves IZ and C 
invariant. 
Next we prove 
PROPOSITION 4.2. We have o’(A,) cf GY’, w’(A,) &GE’. 
Proof: By way of contradiction, we may assume that w’(A6) = A,. Then 
IZnA,A,=B(O, l,O,O), so from Proposition4.1 w’(B)=lZnA,A=A,; 
thus A, = B. But this is impossible actually. By Proposition 4.2, we have 
PROPOSITION 4.3. The collineation group G’ leaves (A,, A,} and a’ 
invariant. 
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Denote by L the conic determined by the S-arc 07’. As w’(L) is a conic in 
L7 containing Q?‘, then w’(L) = L. Thus by Proposition 4.1 
o’(Cf-IL)=CfIL. (4.1) 
Next it is easy to see that L and C are tangent at R(0, 0, 0, 1) as well as 
T(0, 0, JO). Therefore by (4.1) we have 
PROPOSITION 4.4. The collineation group G’ leaves {R, T} invariant. 
Now let q be the set of nonzero square elements of GF(l1). As 
GiY’ = {P(O, 1, 5,%*, l)lL E El}, from Propositions 4.1, 4.3, and 4.4 it follows 
that G’ consists of the following collineations: 
x’ = px, x’ = px, 
Y’ =y, Y’ =y, 
z’ = hz, z’ = nt, 
t’ = h-‘t, t’ = n-‘z, 
where p2 = 1 and h, n E cl. In order to determine the structure of G’, 
consider the following collineations belonging to G’: 
w;, : x’ = x, /iL:x’=x, p’:x’=-x, 
Y’ =y, Y’ =y, y’ = y, 
z’ = hz, z’ = nt, z’=z, 
t’ = h-It; t’ = n-‘z; t’=t, 
where h,nEO. Put H’=(w;,jhEC!} and N’={&/nEO}. It is easy to 
prove that: 
H’ is a cyclic group of order 5, H’ UN’ is a dihedral group of order 
10; 
,LL’ is an involution which commutes with every element of H’ UN’; 
every element of G’ can be written uniquely in the form a/3, with 
aE H’UN’, j?E {/L’, l}. 
Then we can conclude 
THEOREM 4.5. The collineation group G’ of C’ which maps Q onto itse&f 
and permutes the circles of CZ has order 20 and it is the direct product of the 
dihedral group H’ V N’ of order 10 and the cyclic group ( 1, p' }. 
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5. THE COLLINEATION GROUP E OF 2 LEAVING THE SPREAD TINVARIANT 
In order to describe E, we need to determine the collineation group W of 
Z which maps D onto itself and leaves U invariant. According to 
Theorem 2.8, W is the collineation group of Z which maps R onto itself and 
permutes the reguli R,. Next consider the following collineations ofC: 
q,:x’=hx, &,:x’=nz, p: x’ = y, ~m:XJ=mX-yy, 
Y’ = hy, y’ = nt, y’ =x, y’ = x + my, 
z’ =z, z’ =x, z’=t, z’=mz+t, 
t’ = t; t’ =y; t’ = z; t’ = ---z + mt, 
where h,nEO, mEGF(11). Put H=(w,lhEO} and N=(A,InEO}. 
Then it is easy to prove that 
PROPOSITION 5.1. We have H is a cyclic group of order 5, H V N is a 
dihedral group of order 10, and ,u is an involution which commutes with 
every element of H V N. 
PROPOSITION 5.2. The group G generated by HUN U (,a) is the direct 
product of H U N and { 1, ,u }. Moreover, G N G’ and this isomorphism x 
corresponds co,, A,,, p, respectively, to WI,, ,I;, p’. 
PROPOSITION 5.3. We have M=(l,6,jm~GF(Il)} is a cyclic group 
of order 12 and its generators are 6,) 6,) & 3, & 4. 
Now pick r E Q: if r is the line g = ((1, 0, 0, 0), (0, 1, 0, 0)), then 
%(g)=P1g)=4n(d=& L(g) = (@O, l,O>, (RO.3 0, 1)). (5.1) 
Next if r fg, then r = ((a, b, l,O), (b, -a, 0, 1)) with a, b E GF(I 1) and thus 
qb-) = ((ha, hb, LO>, (hb, -ha, 0, I>>, (5.2) 
d-1 = ((-a, b, LO>, (b, a, 0, l)), (5.3) 
6,(r) = r. (5.4) 
Since A,(r) = ((n, 0, a, b), (0, n, b, -a)), then 
if (a, b) = (0, 0), A(r) = g, 
if (a, b) f (0, O), l,(r) = ((a&z, bdn, 1, 0), (bdn, -adn, 0, l)), 
(5.5) 
where d = (a’ + b*)-‘. From (5.1~(5.3), (5.5), and Proposition 5.2, we infer 
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that G maps LI onto itself; moreover, any collineation o E G acts on a in 
the same way as the collineation w’ =x(w) acts on Q. Thus 
PROPOSITION 5.4. The group G is a subgroup of W. 
Since the full collineation group of Z fixing a spread of Z linewise has 
order at most 12, from (5.1), (5.4), and Proposition 5.3, then we have the 
following: 
PROPOSITION 5.5. The full collineation group of Cfixing Q linewise is M 
defined in Proposition 5.3. 
By Proposition 5.5 and Theorem 2.6, we obtain 
W/M-G’. (5.6) 
Since A4 n G = { 1 }, by (5.6) and Propositions 5.2 and 5.4, we conclude 
THEOREM 5.6. The full collineation group W of C, which maps D onto 
itself and leaves U invariant, is the product of the following subgroups: 
H u N, { 1, ,u }, M, the first group is dihedral of order 10, while the last two 
groups are cyclic of orders 2 and 12, respectively. 
Now let fSh be (1 < u < 7) the half-regulus contained in the opposite 
regulus Rh of R, such that ;Rh U ;Sh = RL. Then we have Table IV. 
Denote by I’* the union of such half-reguli and set 
M, = ( 1,6, / m = 0,2,5, -5, -2}, M, = {S, 1 in = 1,3,4, -4, -3. -1). One 
can prove 
PROPOSITION 5.7. The set M, is a subgroup of M and its generators are 
6, and &,; also H UpN and M, U,uM, are dihedral groups. Moreover, 
(H UpN) f7 (M, UpM,) = { 1) and any element of H UpN commutes with 
any element of M, U PM,. 
TABLEIV 
$;={((a,-b-2,1,0),(b-2,a,0,1))~ai-bE(i+4)S~, 
fS;= (((a,-b + 5, LO), (b + 5,a,O, l))Iai-b E (3i+ l)S}, 
fS; = {((a, -b + 3, 1, 0), (b + 3, a, 0, 1)) 1 ai - b E (4i + 1) S}, 
jS; = {((a, -b + 1. 1, 0), (b + 1, a, 0, 1)) 1 ai - b E (5i - 2) S}, 
~S~={(a.-b+4,1,O),(b+4,a,O,l))/ai-b~(-2i+3)S}, 
js;= (((1.~.0,0),(0,0,-3~+1,-1-3))/a=0,2,5,-5.-2}u(((0,1,0,0),(0,0,3, l))}, 
~s;=(((1,~,0,0),(0,0,3~+1,-~+3))//?=1,3,4,-4,-3,-1}. . 
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Now, by Tables III and IV, it can be shown that 
q(v) = K l.,(V) = V” for h,n E 0, 
P(v) = V”, 6(V) = v for JEM,, (5.7) 
S(v) = v* for 6 EM,. 
Since E is the subgroup of W leaving V invariant (see 12, Theorem 3.51) 
and since vn V* = 0, from (5.7) and Proposition 5.7 it follows that 
E = (HUD) x CM, UPM,), 
and hence E is solvable. We can conclude this section with 
THEOREM 5.8. The collineation group E of C leaving invariant the 
spread r = (S2 - U) U V is a solvable group of order 120 and it is the direct 
product of the dihedral groups H U ,uN and M, U ,uM, of orders 10 and 12, 
respectively. 
6. THE TRANSLATION PLANE ~~(~)CORRESPONDING 
TO THE SPREAD ~CONSTRUCTED IN SECTION 3 
As it is well known (see [ 1 I), the points of n(r) are those of 
C* = PG(4, 11) - 2, and the lines of n(r) are the planes of PG(4, 11) which 
meet C in a line of r and do not belong to C. If we consider C* as a 4- 
dimensional vector space V, over GF( 1 l), the points of n(r) can be iden- 
tified with the vectors of V,; as the iines of f yield a set of %-dimensional 
subspaces of V, (called sometime components), then the lines of n(r) are all 
the cosets of V, relative to the components. 
The collineation group of n(r) fixing the zero vector 0 is the so-called 
translation complement /1, of L’(r) and consists of linear transformations of 
V4. In particular, a linear transformation q of V, belongs to A, if and only if 
the collineation of 2 defined by the matrix of r leaves r invariant. Thus by 
Theorem 5.8, we have that /i,/D, ‘v E, where D, is the cyclic group of order 
10 of all dilatations of n(r) with center the vector 0. Then 
THEOREM 6.1. The translation complement of H(r) is a solvable group 
of order 1200. Moreover, it is the central extension of a cyclic group of order 
10 by a group of order 120, which is the direct product of two dihedral 
groups of orders 10 and 12. 
COROLLARY 6.2. The permutation group E, induced by the full 
collineation group of IT(T) on the line at infinity has order 120 and it is the 
direct product of two dihedral groups of orders 10 and 12. 
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Now we exhibit the orbits of E,. In order to do this, denote by t(a, b) the 
line ((a, b, 1, 0), (b, ---a, 0, 1)). A n easy calculation shows that the orbits of 
E, are the following sets of lines ofR 
r, = {a h) I h E 01, 
rz = { t(0, -h) 1 h E 0 }, 
r, = {t(h, 01, en, 0) I h, n E 01, 
1-, = {qz,-2h), t(-n,-2n)I h, n E q }, 
rs = { t(h, -5h), t(-n, -52) 1 h, n E El}, 
r, = jt(h,h), t(-t2, KZ), t(r,-f-), t(-S, -s) I h, t2, Y,S E 01, 
r, = {t(h,4h), t(-n, 4n), t(r, -4r), t(-s, -4s)/ h,n, r,s E q }, 
From this we have 
THEOREM 6.3. The group E, has 9 orbits: there are 2 orbits of length 5, 
3 of length 10, 2 of length 20. Moreover, E, splits the partial spread V into 
2 orbits: the first of length 30 contains all the lines belonging to the half 
reguli +R; (1 < u < 5), while the second is of length 12 and contains all the 
lines belonging to the half-reguli +RA and fR{. 
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